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(54) Use of polymer coating for rubl>er articles 

(57) The present invention is directed to the use of 
star polymers as coatings for mt)ber articles, particu- 
lariy for latex gloves. The coating for rubl^er articles, pro- 
vides an inner surface coating that reduces friction 
between the latex and the hand to allow convenient 
donning. Star polymers can also be used to facilitate the 
release of the latex from the fonner. They are del'n/era- 
iDle from aqueous solution and are resistant to washing. 
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D scription 

[0001] The present invention relates to the use of a polymeric coating for rubber articles. 

[0002] ConventionaJ latex medical gloves are difficult to don without a lubricant G n rally, latex gloves are manu- 

5 factured with a powdered coating, such as com starch, over the inner surface of the glove so that the gloves can b 
more easily put on. The powder tends t absorb proteins naturally found in th latocandth powder is asily dislodged 
during donning and use, contaminating the surrounding environment and causing allergpes and other negative effects. 
Further, the prt)tein/^>owder complex serves as a food source for bacteria, allowing them to proliferate. 
[0003] Glove manufacturers have tried to find altematives to using starch powder to coat gloves. Some latex glove 

10 manufacturers use a chlorination process to provide the slippage necessary to faaTitate donning of the gloves. In this 
case, calcium carbonate is used as a mold release agent and washed away prior to chlorination. Although this reduces 
the tack and friction of the latex, it also makes the rubber less pfiant and reduces the shelf We of the glove. 
[0004] Other manufacturers have looked to alternative coatings. To be an effective substitute for starch, the Inner 
surface coating must not only reduce friction between the latex and the hand to allow convenient donning, but also must 

15 allow the latex to stretch wittiout coating delamination. Some glove manufacturers also use a coating on the outside sur- 
face of the glove to facilitate release of the latex from the fomier. Furttier, tiie coating should be defiverable from an 
aqueous solution, be resistant to washing, and meet any relevant regulatory requirements. 

[0005] Several other types of coatings have been developed, primarily based on polyurethanes: US Patent No. 
5,088.125 discloses gloves modified by an ionic polyurethane; US Patent No. 5.272,771 discloses gloves modified by 
20 an ionfc polyurethane containing fully reacted isocyanate groups; and US 5,534,350 disck>ses gloves in whfch ttie outer 
gkive coating contains a polyuretiiane dispersfon and the tnade glove coating contains a polyurethane containing a sil- 
icone emutston. 

[0006] Other coatings whfch have been developed include emubfon copolymers, partfcularty core shell, containing 
low surface energy monomers and hard monomers as disclosed in US Patent Nos. 5,691,089 and 5,700,585; or con- 

25 taining two monomers selected from styrene, methyl or butyl acrylates. mettiacrylfc or acrylfc add and a silfcone oli- 
gomer, with glass transition temperatures of less than 0*C and from 0 to 100*C respectively as disclosed in US Patent 
No. 5,712,346. These sequential emulsion polymerizations lead to substantially linear copolymers. 
[0007] Surprisingly, it has now been discovered that star-branched polymers, afeo known as radial polymers, pro- 
vide both an excellent coating to lalex gloves and other rut>ber articles. 

30 [0008] The present invention is directed to the use of star polymers as coatings for rutjber articles, particularty for 
latex gloves. Star or radial polymers, as used herein, is intended to describe polymers that have ttiree or more polymeric 
arms emanating from a central core. These polymere can be prepared by various polymerization procedures such as 
anionfc, cationic. and free radfcal mechanisms. The star polymers are usually formed by using either nnultifunctional ini- 
tiators, multifunctional chain transfer agents, or multifunctional coupling agents. The star polymers have unique proper- 

35 ties including: low viscosities in solution due to their compact structure and high melt viscosities due to extensive 
entanglements relative to their linear coatings. 

[0009] The anms of tiie star polymers may be of several types: random or btock copolymers or homopolymer struc- 
tures. Arms within a single star structure may have ttie same or different composition. Furttier. ttie amis may or may not 
contain crossfinkable functionaPity or other performance improving agents. 
40 [001 0] When used as a coating for rubber artfcles, the star polymers provide an inner surface coating that reduces 
friction between the latex and the hand to allow convenient donning. Star polymers can also be used to facilitate ttie 
release of the latex from the foniier. They are defiverable from aqueous solution and are resistant to washing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Rgure 1 depfcts a 3-ami (AB)3 random star copolymer, j, k, and I are each independent random integers, including 
zero. 

Rgure 2 depicts a 3-ann (AB)3 bkwk star copolymer, m and n are each in dependent random integers of at least 
about 8. 

Rgure 3 depfcts a 3-arm star homopolymer. n is a random integer of at least about 8. 

Rgure 4 depicts a 3-arm AB(CD)2 random, heteroann star copolymer. J, k, and n are each independent random 
integers, including zero. 

[0012] The present invention is directed to ttie use of star polymers as coatings for mbber articles, particularty for 
latex gloves. 

[0013] The star polymers of the present invention comprise a polyvalent mercaptan core and ttiree or more poly- 
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meric arms which extend radially from th core, Tlie arms comprise homopolymers, random copolymers, or block 
copolymers. Further, arms within a singi star structure may have the same or different composition. 
[001 4] As used herein, homopolymer is intended to mean an amn which consists of multiple units of essentially only 
one monomer; a random copolymer arm is intended t m an an arm which consists of at least two different monom rs 

5 in a random distribution; and a block copolym r arm is intended to mean an arm whfch consists of a linear arrangement 
of blocks of varying monomer compositioa Also, as used herein, heteroanm is int nded to mean a star copolymer in 
whtah at least one arm of the star copolymer has a composition that is significantly different from that of the other arms. 
[0015] The polyvalent mercaptan core of the present invention comprises three or more thiol groups. The thiol 
groups can be either all the same or all different or variations therein, ft is at the thiol groups that the monomers will react 

10 to create the polymeric arms of the star polymer. 

[00161 Spedficallyi the polyvalent mercaptan core comprises a central component, derived from a multifunctional 
ak»hol whteh has been substituted with thiol derivatives. The multifunctional alcohol can have any number of functtonal 
hydroxy units, particularly three to eight functional units. To prepare the core of the present invention, each of the OH 
functional units will be substituted vwtii thiol units. Accordingly, in a particularly suitable embodiment the core composi- 

15 tions range from a tri-functional alcohol substituted w'rth three Wentical thiol groups, up to an oda-^unctional ateohol 
substituted with eight different ttiiol groups. 

[001 7] In one embodiment of the present invention, ttie polyvalent mercaptan core is of the general fbmnula: 
X-(Yi-SH)ar^2^H)b(Y3-SH)c(Y4-SH)d(Y5^H)e(Y6^H)K^^ or one of the foltowing speciffte embodi- 

ments: 

^ {HS-Yi)a-X {>) 

(HS-Yi)a-X-{Y2-SH)5 (II) 

X-(Yt-SH)a{Y2-SH)b(Y3-SH)c ("') 

X-(Yi-SH)a(Y2-SH)b(Y3-SH)c(Y4-SH)d (IV) 

X-{YrSH)a(Y2-SH)i>(Y3-SH)c{Y4-SH)d(Y5.SH)e (V) 

X-(YrSH)a(Y2-SH)i>(Y3-SH)c(Y4-SH)d(Y5-SH)e(Y6-SH)f (VI) 

X-(YrSH)a(Y2rSH)b(Y3-Shflc(Y4-SH)d(Y5-SH)e(Y6-SH),(YrS^^ (VH) 

35 or XKYrSH)a(Y2-SH)b(Y3-SH)c(Y4-SH)d(Y5-SH)e(YrSH)KYrSH)g(Y8-S (VIII) 

where X is derived from an organte radfcal having a valence of 3 to 8. In particular, X is derived from a tri- to octa- multi- 
functional akx)hol such as glycerol, sorbitol, trimethylolpropane, pentaeryttiritol, dipentaerythritol, tripentaeryttiritol, and 
inositol. 

40 [0018] Nferiables Yi- Y2, Y3. Y4, Y5, Ye, Y7 and Ye are ttie same or different and each comprises C2.10 alkanofc 
acids, particularty C2^ alkanok; acids. Wriables a, b, c, d, e, f, g and h are integers from 0 to 8 provided that 
a+tHCKkeff^g+h ^ 8 . if the core is a core of differential reactivity, or heterocore, a and b are integers from 1 to 8, and 
C d, e, f, g, h are integers from 0 to 8 provided ttiat a4tHC+cke+f+g+h< 8 . If ttie core is a homocore, 
b=c=cbe=f=g=h=0 . 

45 [001 9] Each of the above identified (Y-SH) units are derived from, for example, 2-mercaptoacetic add, 2-mercapto- 
propionic add, 3-mercaptopropionic acid, 4-mercaptobutyric add, 5-mercaptopentanoic add, or 6-mencaptohexanoic 
acid, particularly 2-mercaptopropionlc add and 3-mercaptopropionic acid. 

[0020] Examples of cores of differential reactivity indude pentaerythritol bis(3-mercaptopropionate) bis(2-mercap- 
topropionate); trinnethytolpropane bis(3-mercaptopropionate)(2-mercaptopropionalB): pentaeryttiritol tris(3-mercapto- 
50 propionate)(2HTiercaptopropionate); pentaerythritol tris(2-mercaptopropionate) (3-mercaptopropionate) and 
trimethylolpropane bis(2-mercaptopropionate) (3-mencaptopropionate). 

[0021] Cores of non-differential reactivity, or homocores. indude pentaeryttiritol tetrakis(3-mercaptoprDp!onate), 
pentaeryttiritol tetralds(2-mercaptoacetate); pentaeryttiritol tetrakis(2-mercaptopropionate), trimethytolpropane trittiio- 
propionate, tri(3-mercapto propionate), pentaerythritol telrakis(Oiioglycolate) and dipentaeryttiritol hexakis ttitoglyco- 
55 late, particularty pentaeryttiritol tetrakis(3-mercaptoproplonate); pentaeryttiritol tBtrakls(2-mercaptoacetale); and 
pentaerythritol tetrakis(2-mercaptopropionate).. 

[0022] In general, the polyvalent mercaptan core is prepared by reacting a multi-functional ateohol witti tti appro- 
priate amount of mercapto add to prepare th polyvalent mercaptan core. For example, if the multifunctional ateohol is 
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atri-akx)hol,thre equivalents of mercapto add are added to give thre (HS-Y) units. Th three quivalentsof m ncapto 
add can be mad up of any combination f the suitabi mercapto adds. For exampi , one equivalent of 2-m rcapto- 
propionic add (a secondary thiol-containing add) and tw equivalents of 3-mencaptopropfonic aad (a primary thiolKX)n- 
taining add) will provide a core of differentia) reacdvrty. rf th alcohol is a trialcoho) and thre quivalents of 2- 

5 mercaptopropionic add are used, a homocore within th scope of th pres nt invention is also obtained. 

[0023] In a specific example, pentaerythritol can be used as th multifunctional alcoh 1,X, used to prepare the core. 
To pentaerythritol is added two mole equivalents each of a primary thiol, 3-mercaptDpropionic acid, and a secondary 
thiol, 2-mercaptopropionic add. The result will be a mixture of five compounds corresponding to molecules containing 
ratios of primary/secondary SH groups of 0/4. 1/3. 2/2. 3/1 , and 4/0. Those cores with ratios of 1/3, 2/2 and 3/1 have 

10 differential reactivity and are within the scope of the present invention. The cores with 0/4 and 4/0 are homocores. The 
product mixture, though a statistical mixture, has cores with an average of two primary thiol groups and two secondary 
thiol groups per core as shown by the following reaction: 
[0024] The reaction is shown t>elow: 
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[0025] With dipentaerythntol, seven possible compounds can be obtained con^esponding to 0,1 .2,3.4.5 and 6 pri- 
mary SH grokips per molecule. These differential thiols will be utilized to provide enhanced selectivity to generate het- 
eroarm stars. 

45 [0026] In an alternative embodiment, four mole equivalents of thiol can be added to pentaerythritol: 
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[0027] The star polymers of the present invention are formed using the mencaptan core as a chain transfer agent in 
polymerization processes which indude bullc, solution, emulsion, and suspension polymerization. A particularty suitable 
process is the solution polymerization process employing a free radical initiator. The polymerization reaction is typically 
conducted at temperatures in the range of 1 0 to 1 20*»C, particularty 70 to 1 0O^C. 

[0028] The present invention contemplates that ttie resulting polymer nnay comprise arms ttiat are all the same, or 
all the same after the S atom but with different Y connecting groups. 

[0029] The preparation of the star polymers of the present invention may be by the sequential or non-sequential 
addition of monomers to the mercaptan core. In this embodiment, the core may be a core of differential reactivity, or a 
homocofB. The polymerization proceeds by chain transfer to ttte mercapto group from the growing polymer chains or 
initiator radicals. As a result, a structure in which polymer amis which radiate from a centiBi core are produced. It is rec- 
ognized that a small amount of linear copolymers may also be produced. 

[0030] In genera], the orders of reactivity of thiol groups arc: SH groups attached to aromatic rings (i.e., thiophe- 
nols) are more reactive than SH groups attached to primary aliphatic carbon atoms which are more reactive than SH 
groups attached to secondary aliphatic cartwn atoms, Le., ArSH>RCH2SH> RR'CHSH. 

[0031] In the above embodiment, the monomer mixtures can be added by any method familiar to the skilled artisan 
Including dropwise or by slug dose. 

[0032] Monomers that may be used to prepare the polymeric anns of the star polymers of the present invention are 
typically vinyl or etfiylenically unsaturated monomers and optionally may contain crosslinkable functionality. The term 
'crosslinkable functionality* herein refers to functional groups such as hydroxyl, cartwxyl, silanes, siloxanes. isocy- 
anates, epoxides, acetoacetonates, and combinations thereof ttiat self-react, react vifith other polymer-bound function- 
ality, or react with nrmltifunctional cross-linking agents to form stable bonds. Ihe star polymer may indude essentially 
any ethylenfeaily unsaturated mononrier or mixtures of ethytenically unsaturated monomers copolymerizable with the 
other components. 

[0033] Examples of vinyl unsaturated monom rs indude those selected from th group consisting of acrylic and 
methacrylfc adds, acrylamkje and methacrylamkte. acrytonitrile and methacrylonitrile, alkoxyalkyi acrylamides and 
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m thacrytamides, e.g., butoxymethyl acrylamide and m thoxymethyl methacrylamide, hydroxyaJkyl acrylamkies e.g., 
NHmethytol acrylamide, and ol fins, e.g. 1 -butene and 1 ,3-butadi ne. Particularty suitabi are th esters and amides of 
acrylic and methacrylic acids with alcohols, phenols and amines; the vinyl aromatic compounds, ag., styrene, alpha- 
methylstyrene and substituted derivatives thereof such as the haiogenated derivatWes thereof and vinyl t hi ne; th 
vinyl esters, vinyl amides, .g., vinyl acetat and1-vinyl-2iiyrrondinon ; and ethylenically unsaturated nitriles,ag. aery- 
lonitrile. and combinations thereof. 

[0034] Monomers may be selected from hydroxyalkyi esters of ethytenicalty unsaturated cartx>xytic adds, ethyl^i- 
calty unsaturated cartMsxylic adds, ethylenical^ unsaturated epoxides, ethylenically unsaturated isocyanates and com- 
binations thereof. 

[0035] Other unsaturated monomers indude hydroxypropyl (meth)acryiate, glyddyl (meth)acrylate, methoxyethyl 
(meth)acrylate, ethoxyethyl (meth)acrylate, ethoxyethoxyethyl (meth)acrylate, cyanoethyl acrylate and the like; vinyl 
ethers which are represented by methyl vinyl ether, etfi^ vinyl ether, Isobutyl vinyl ether, and the liloe; fumaric add, 
monoalkyl fumarates, dialkyl fumarates; maleic acid, monoalkyi maleates, diallcyi maleates; itaconic acid, monoaikyl ita- 
conates, dialkyl itaconates; half esters of succink: anhydride or phthalic anhydride with hydroxyethyl (meth)acrylate; 
(meth)acrylonitrile, butadiene, isoprene, vinyl halides, e.g. vinyl chloride and vinylidene chloride, vinyl ketones, vinyl 
pyridine, vinyl carbazole, and the like. These conripounds may be used either alone or in combinations with each other. 
[0036] The present invention also contempteites the use of multifunctional monomers such as ethylene glycx>l 
di(meth)acrylate, trimethylofprDpane tri(meth)acrylate, diethyl^e glycol di(meth)acrylate trisacrylale, dMnyl benzene, 
triailyl cyanurate, ally! acrylate, diallyl phthalate, d»Ily1 sucrose and allyl(meth)acry^e. 

[0037] Particularty suitat>le vinyl monomers indude those that have chain transfer constants with thiols that are 
close to one. Such monomers include those of the formula CH^C(R)COOR' where R is H or methyl and R' is H or 
22 alkyl. C5.10 cydoalkyi or C^io aryl wherein the alkyi, cydoalkyi or aryl is opttonally substituted with halogen or 
hydroxyl. Examples of such monomers Indude acryfic and methacrylic add and esters of acryfic acid and methacrylb 
add such as methyl acrylate, ethyl acrylate, n-bu\y\ acrylate, 2-hydroxyethyl acrylate, hydroxypropyl acrylate, isobomyl 
acrylate, lauryl acrylate, stearyl acrylate, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, isopropyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, cydohexyl methacrylate, isobomyl methacrylate, benzyl 
methacrylate, phenyl m^acrylate, lauryl methacrylate, stearyl methacrylate, hydroxyethyl methacrylate and hydroxy- 
propyl methacrylate. 

[0038] Methyl methacrylate, methyl acrylate, acrylc add, methacrylc add, n-butyl methacrylate, n-butyl acrylate, 
and t-octyl acrylamide are the most particularty useful monomers. 

[0039] The polymeric arms of the star polymer may also optionally include a small amount of an olefink; monomer 
containing crosslinkable functtonallty such as ateohds, ackis, sllanes, sitoxanes, isocyanates, and epoxides, partk:u- 
lariy silanes and sikixanes. Examples of such monomers indude, but are not limited to, hydroxyalkyi esters of ethylen- 
ically unsaturated carfooxyfic acids, ethylenk^lly unsaturated carboxylc acids, ethylenically unsaturated epoxkies and 
ethylenk:ally unsaturated isocyanates. Particularly suitable crossiinkers indude vinyltnisopropoxysilane, vinyltrimethox- 
ysilane, vinyltriethoxysilane, vinyl-tris(2-methoxy-ethoxy)silane, and gamma-methacryloxyoropyltrimethoxysilane. 
[0040] The polymeric arms of the star polymer may also indude performance Improving agents, such as low sur- 
face energy modifiers and monomers which promote adheston of the coating material to the latex by providing a cati- 
onb charge. Low surface energy modifiers, as used herein, is intended to mean a monomer whk:h if homopdymerized 
would require only a low level of fonc:e to release it from the surface to which it is applied, and indude fluorocarbons, 
siricones, and fatty acid esters having vinyl, acrylic and/or methacryrtc functionalities, partk:ularly silkx>ne acrylates, sil- 
icone methacrylates, perfluoroalkyi ethyl acrylates, perfluoroalkyi ethyl methacrylates, [2-(N-ethylperfluoro- 
alkylsul1bnamido)ethyl acrylates, and [2-(N-ethylperfluoroalkylsulfonamido)ethyl methacrylates. Such performance 
improving agents may be added in any amount necessary to obtain the desired characteristks of the polymer, partknj- 
larly from about 0.5 to about 20%, partkjularty from about 1 to 15%, by weight of the polymer. 
[0041 ] The combination of monomers used to make up the star polymer and the exact relative amounts of each will 
be such as to provide a polymeric coating material appropriate for the end use appFication. For use as a coating for latex 
gloves, the polymer should have a low coefficient of friction, whether wet or dry, to fadlitate donning of the gloves; and 
a high elongation-to-break, partteularty at least about 300%, more partk^ularty at least about 500%, most partkHJiariy at 
least about 700%, v^en self bonded to a latex surface so as to allow the glove to stretch without peeling of the poly- 
meric coating. This is typk:al}y accomplished by selecting at least one monomer whk^h forms a soft (low Tg) bbck whk:h 
is oompatble with latex and has high elongation and at least one additional monomer whbh forms a hard (high Tg) block 
to provide good slippage. Tg, as used herein, is intended to denote glass transition temperature. 
[0042] A particularly suitable structure is a heteroarm star polymer In whk^h at least one anm is rich in monomers 
whk:h provide a soft block and at least one ami rich in monomers which provide a hard block. More partknjiarly, ttie 
polymer has at east on amn with a Tg of at least about 20°C and at least on arm with a Tg of at less than about 20^. 
Mostpartk^lartyth star polymer has at least one ami with a Tg of at least about 40'*C and at I astoneamnwithaTg 
of at no more than about 0**C. 
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[0043] It is also desirable that th polym r be deliverable from an aqueous s iutlon, resistant to washing, and meet 
regulatory requirem nts. Thus, a particularly suitaW starcopolym r will contain at least one hydrophilic monomer and 
at least on hydrophobic monomer. In order to be deliverable from an aqueous solution, the material must be sufficiently 
rich in hydrophiDc monomer. Suitable hydrophiric monom rs include those monomers that are ionic, ag. anionk^ cati- 
onic, or zwitterionic, or have sufficient nonionic polar functionality, .g. hydroxyl or amido groups to render them 
hydrophina 

[0)44] Anionic monomers typically contain carboxyTic, sulfonic and/or phosphonic add functionality. Bcemplary 
anionic monomers include, without Rmitation, (meth)acryiic add and the alkaD, alkaline earth or ammonium salts 
thereof, crotonic acid and the alkafi, alkaline earth or ammonium salts thereof, dicart>QxyRc acid containing monomers 
such as malefc, fumaric and itaconic adds induding the anhydrides and the alkali, alkaline earth or ammonium salts 
thereof, the half esters of unsaturated dtearboxylfc adds such as methyl hydrogen fumarate, butyl hydrogen fumarate, 
ethyl hydrogen maleate, and butyl hydrogen maleale and the alkali, alkaline earth or ammonium salts thereof, the ally- 
loxybenzenesutfonate monomers described in U.S. patent No. 4,892,898, methallylsulfonate and the alkali, alkaline 
earth or ammonium salts thereof, styrene sulfonfc add and the alkali, alkaline earth or ammonium salts thereof, acry- 
lamido alkyi or aryl sulfonates such as 2-acrylamido-2-methyl propane sulfonk: add and the alkali, alkaline earth or 
ammonium salts thereof, vinyl sulfonic add and the alkali, alkaline earth or ammonium salts thereof, and vinyl phos- 
phonte add and the alkali, alkaline earth or ammonium salts thereof. 

[0045] Cationfc monomers typcally contain amine or quaternary ammonium functionaTity. Exemplary cationic mon- 
omers indude, without limitation. (3-acrylamidopropyl)trimethylammonium chloride, p-{acryioyloxy)ethyfltrimethylam- 
monium methyl sulfate, 2-(dimethylamino)ethyl acrylate, [3-(methacryloylamino)propyl]trim€thylammonium chloride, [2- 
(methacryloyloxy) ethyOtrimethylammonium chloride, [2-(methacryloyloxy)ethyl]trimethylammonium methyl sulfate, 2- 
(dimethylamino)ethyl methacrylate, 2-aminoethyl methawylate hydrochloride, diallyldimethylammonium chloride, vinyl 
imidazole, and vinyl pyridine and substituted derivatives thereof. 

[0046] Zwitterionfc monomers typfcally consist of, without limitation, unsaturated carboxyl, sulfoxyl or suWate-sub- 
stituted amines, and are commonly referred to as betaines. Exemplary zwitterionic monomers indude. without limita- 
tion, [3-{rnethacryloylamino)propyI]dimethyl(3-sulfopropyOammonium hydroxide inner salt and [2- 
(methacryloyloxy)ethyl]dimethyl(3-sulfopropyl)ammonium f^roxide, inner salt hydrate. 

[0047] Exemplary monomers that have suffident nonionic polar functionality to render them hydrophific indude, 
without limitation C^^ hydroxy alkyI esters of (meth)acrylfc add, e.g. 2-hydroxyethyl acrylate, and hydroxypropyl acr- 
ylate, 2-hydroxyethyl methacrylate, hydroxypropyl methacrylate, vinyl formamide, vinyl acetamkle, 1 -vinyl-2i3yniolidi- 
none, methacrylamide, acrylamide, Ci^mono- and dialkyi substituted (meth)acrylamides, e.g. N,N-d]methylacrylamide 
and N-isopropylacrytamide, acrylonitrile, and methacrylonitrile. 

[0048] Particulariy suitable hydrophiRc monomers indude methacrylfc add, acrylfc acid, 2-acrylamido-2-methyl 
propane sulfonc acid and the alkali, alkaline earth or ammonium salts thereof, and |3-(methacryloylamino)propyl]tri- 
methylammonium chloride. 

[0049] In order to be washable, the material must be sufficiently rich in hydrophobe monomer. Suitable hydropho- 
be monomeiB Indude those of the fomiula CH2=C{R)CX)OR' where R is H or methyl and R' is alkyl. ^5, 
^^cydoalkyl or C^^q aryl wherein the alkyI, cycloalkyi or aryl is optionally substituted with halo groups. Examples of 
such monomers indude methyl acrylate, ethyl acrylate. n-butyl acrylate, isobomyl acrylate, 2-ethylhexyl acrylate, lauryl 
acrylate, stearyl acrylate, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, isopropyl methacrylate, n- 
butyl methacrylate, isobutyl methacrylate, cydohexyl methacrylate, isobomyl methacrylate, benzyl methacrylate, 2- 
ethylhexyl methacrylate, lauryl methacrylate. and stearyl methacrylate. 

[0050] Other hydrophobe monomers indude vinyl esters, e.g. vinyl acetate, vinyl propionate, vinyl 2-ethylhex- 
anoate, vinyl pivalate, vinyl neononanoate, vinyl neodecanaote, and vinyl stearate, vinyl benzene compounds, e.g. sty- 
rene, alpha-methylstyrene and substituted derivatives thereof such as the halogenated derivatives thereof and vinyl 
toluene; and mono- and dialkyi (meth)acrylamides, e.g. t-odyl acrylamide. 

[0051] Particulariy suitable hydrophobic monomers indude methyl methacrylate. methyl acrylate. n-t>utyl methacr- 
ylate, n-butyl acrylate, 2-ethylhe)^ methacrylate. 2-ethylhexyl acrylate, lauryl methacrylate. lauryl acrylate, and t-octyl 
acrylamide. 

[0052] In one embodiment of the present invention, the amis of the star polymer are prepared from one or more 
monomers selected from the group consisting of the alkyl esters of acrylte or methacryfic adds along with a small pro- 
portion of one or more hydrophilfc monomer selected from the group consisting of methacrylfc aad, acryl'c add, 2-acr- 
ylamido-2-methyl propane sulfonic add and the alkali, alkaline earth or ammonium salts thereof, and [3- 
(methacryloylamino)prDpyl]trimethylammomum chloride. The star polymer m^ contain optionally a monomer with 
crossllnkable functionality. The star polymer may also contain optionally performance improving agents such as low sur- 
face energy modifi rs. 

[0053] In another embodiment of the present invention, the arms of the star polymer are prepared from on r m re 
monomers selected from the group consisting of the alkyl esters of acryfic or methaciyfic adds along with a small pro- 



EP 1 086 980 A1 



porti n f n rmorehydrophirc monomers s lected from the group coiwisting of methacrylc add. aciylfcacW 
ytamido-2-methyt propane sulfonic add and th alkali, alkalin earth r ammonium salts th reef, and [3- 
(methacfyloylamino)propyl]trimethylanimoniijmchbn^ astoneamiof thestarpolym r has a composition that 

is substantially different from that of th other arms. Th star polymer ni£y contain optionally a nionomer with crosslink- 
5 abl functionanty. Th star polymer may also contain optionally performance Improving agents such as tow surface 
energy modifiers. 

[0(S4] When the polymerk: arm is prepared from acryfic and methacryTic monomer units, the polymer arm of the 
reaifting polymer comprises from about 1 0 to 1 500 monomer units, particularly from at>out 20 to 500. When a mixture 
of mononrwrs is used, the copotymer may t>e a random or block copolymer of such units. 

10 [0055] Free radk:al initiators suitat>le for use in the polymerization process of the present invention include, for 
example: azo-based polynierization initiators such as 2^-azobisisobutyronitrile f AIBN") and 2.2'-azobis{cydohexane- 
carbonrtrlie); peroxkJe-based polymerization Initiators such as benzoyl peroxide; and the like, partteularly azo-based ini- 
tiators. Other suitable initiators indude organk; peroxides, hydroperoxides, persutfates and azo compounds such as 
methyl ethyl ketone peroxide, cumene hydroperoxide, potassium persutfate, lauroyi peroxide, 2.5-dimethyl-2,5^i(t- 

15 butytperoxy)hexane. diethyl peroxide, dipropyl peroxide, dilauryl peroxide, dioleyi peroxide, distearyl peroxide, di(terti- 
ary butyO perowde. di(tertiary amyl) peroxWe. tertiary butyl hydroper<»cide, tertiary amyl peroxide, acetyl peroxide, pro- 
pk>nyl peroxkJe, tauroyi peroxide, stearoyi peroxide, malonyl peroxkle. sucdnyt peroxkie. phthak>yl percxxide, acetyl 
b nzoyi peroxide, proptonyl benzoyl perowde. ascaridoie, annmonium persulfate, sodium persutfate, sodium percar- 
bonate, potassium percarbonate, sodium perborate, potassium perborate, sodium perphosphate, potassium perphos- 

2o phate. tetrafin hydroperoxide, tertiary butyl diperphthalate. tertiary butyl perbenzoate, 2,4<richlorobenzoy1 peroxide, 
urea peroxide, caprylyl peroxide, p-chlorobenzoyi peroxide. 2,2-bis(tertiary butyl peroxy)butane. hydroxyheptyl peroxkJe 
and dialkyi esters of peroxydk»riK)nate. 

[0056] The reaction typk»ify requires a solvent The solvent can be selected from the group consisting of organc 
solvents whteh are represented by: aromatic hydrocartrans such as toluene and xylene; esters such as ethyl acetate 

25 and butyl acetate; cydoaliphatic hydrocart)ons such as cyclohexane; aliphafic hydrocarbons such as hexane and pen- 
tane; ketones such as acetone, methyl ethyl ketone, and methyl isobutyl ketone; aliphatic esters; ateohols such as Iso- 
propanol; and the like. Other 8Uftat)le soNents indude naphthalene, trichlorobenzene. dimethylfbrmamide, and 
dimethylacetamide. Partknjiarty suitable solvents are ateohols, more partteularty Isopropanol. 
[0057] After the radial polynier is fbmned, the solvent may then be removed and water added to form a stable col- 

30 Idd. If caftx)xync add functionality is used, a k>ase is generally added to neutralize the add and thus introduce a 
hydrophilic charge. Suitable bases indude alkali and alkali earth metal hydroxides, carbonates or bcarbonates and 
ammonium hydroxide, partteularty sodium hydroxide, potassium hydroxide, cateium hydroxide, ammonium hydroxkle, 
sodium btearbonate, potassium bteart>onate, sodium carbonate, more partteularly sodium hydroxide, and ammonium 
hydroxide. 

35 [0058] The amount of water added is dependent upon the end use applteation. For example, for coating latex 
gteves, the polymer typteally is present in an amount necessary to provide the desired coating by dipping, partteularty 
at least atK>ut 2%, more particularly at least about 5% solids by weight; and particularly no nrK>re than about 30%, more 
particularly no more than about 20 % solids by weight 

[0059] The polymeric coating may be used to coat a variety of latex items, induding gloves, prophylactics, cathe- 
40 tens, balloons, tubing, and sheeting. The polymeric coating may also t>e used to coat such itenns made of synthetic rub- 
bers. A particularly suitable end use application is the coating of latex gloves, induding surgeons' gloves, physteians' 
examining gloves, and workers' gloves, more particularly powder-free latex gloves. Such coating may be used on the 
inside of the glove to provide slippage and promote donning and/or on the outside to fadlitate release from the glove 
form and prevent sticking together during storage. 
45 [0060] When used to coat gloves, the polymeric colloid may be applied using standard methods known in the art. 
For example, one conventional method of making latex gloves is to dip a former or mold in the shape of a hand into a 
coagulant mixture containing cateium nitrate. After drying, the mold is immersed in a latex emulsion for a time suffident 
for the rubber to coagulate and fonri a coating of the desired thtekness. Optionally, the glove then may be water leached 
to remove rubber impurities. The formed glove is then oven cured and cooled. After coding, the gtove is stripped from 
so the mold and Inverted. To use a star polymer coating as a mold release agent, the star polymer may be induded in the 
coagulant mixture. To coat the insde of the glove, the star polymer may be applied immediately before latex curing. 
[0061] The star polymer used as a mold release agent and the star polymer used as an inner glove coating may be 
the same of different Further, each star polymer may comprise a single star polymer or a mixture of at least two star 
polymers. 

55 [0062] An adhesion promoter may be used, and for some polymers may be necessary, to add charge and increase 
the amount of polymer picked up by the latex. Such adhesion promoter is typteally a water soluble salt such as sodium, 
cateium, zinc, aluminum salts, partteularty sodium chlorid and cateium nitrate. Th salt is typteally provid d in a con- 
centration of up to about 40%, particularty from about 20 to about 40% by weight of coating suspension. The adhesten 
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promoter is g neralty applied after leaching. 

[0063] Thepolymercoatsandadh restothegtov or other latex artid undergoing formation, but may also be par- 
tialfy absort>ed th rein. In the altemative, the polymer n^ be deposited on a preformed latex article. 
[0064] Th latex article, i. . glove, may be form d so that th star polymer coats th inside and/ r the outstd sur- 
5 face of the article. The polymer provides the desired glove properties without th need for chlorination or other coatings, 
including powders. However, if only ne surface is coated, chlorinati n r another coating may be used to provide the 
desired properties on the non-star polymer coated surfoca 

[0065] The following examples are presented to further illustrate and explain the present invention and should not 

be taken as limiting in any regard. 

10 

EXAMPLES 

Example 1 — Preparation of a Heteroarm Star Copolymer 

75 [0066] A mixture of 45 parts methyl methacrytate. 10 parts methacryiic add, 6.5 parts pentaerythritol tetrakis (3- 
mercaptopropionate) and 100 parts isopropyl alcohol was placed in a four>necked 1 -liter round-bottomed flask 
equipped witti a nitrogen inlet, condenser and thermom^er. The reactor was heated to 75*^ while stirring under atmos- 
pheric nitrogen. 0.5 Parts 2,2'-azobisisobutyronitrile was added to the reaction vessel and it was heated at reflux for 45 
minutes. 45 Parts butyl acrylate was added to the reaction vessel and heating under reflux was continued for 2 hours. 

20 The reaction was cooled and 1 00 parts of 1 .25% anvnonium hydroxide was added and stirred for 30 minutes. The iso- 
propyl akx)hol was then removed and water was added to make a stable cotfoki. The final polymer was neutralized to a 
pH of 7.0. The polymer was characterized ttirough molecular weight (GPC), suriiace tensfon, viscosity and % solids. 

Example 2 — Preparation of Heteroarm Star Copolymer with Sllane Crosslinker 

25 

[0067] A mixture of 40 parts methyl methacrylate, 5 parts vinyltriisoproxysilane, 1 0 parts methacryiic add, 6.5 parts 
pentaerythritol tetrakis (3-mercaptopropionate) and 100 parts isopropyl alcohol was placed in a four-necked l-Rter 
round-bottomed flask equipped with a nitrogen Inlet, condenser and thermometer. The reactor was heated to 75*t) 
while stining under atmospheric nitrogen. 0.5 Parts 2,2'-azobisisobutyronitrile was added to the reaction vessel and it 
30 was heated at reflux for 45 minutes. 45 Paris butyl acrylate was added to the reaction vessel and heating under reflux 
was continued for 2 hours. The reaction was cooled and 100 parts of 1.25% ammonium hydroxide was added and 
stirred for 30 minutes. The isopropyl alcohol was then removed and water was added to make a stable colloid. The final 
polymer was neutralized to a pH of 7.0. The polymer was chanacterized through molecular weight (GPC), surface ten- 
sion, viscosity and % solids. 

55 

Example 3 — Preparation of Heteroarm Star Copolymer with Silane Crosslinker 

[0068] A mixture of 40 parts butyl methacrytate, 5 parts vinyltriisoproxysilane, 6.5 parts pentaerythritol tetrakis (3- 
mercaptopropionate) and 100 parts isopropyl akx>hoi was placed in a four-necked 1 -liter round-bottomed flask 

40 equipped with a nitrogen inlet, condenser and thermometer. The reactor was heated to 75®C while stining under atmos- 
pheric nitrogen. 0.5 Parts 2,2 -azobisisobutyronitriie was added to the reaction vessel and it was heated at reflux for 45 
minutes. 10 Parts butyl acrylate, 5 parts vinyttriisopropoxysilane and 40 parts acrylic acid were added to the reaction 
vessel and heating under reflux was continued for 2 hours. The reaction was cooled and 1 00 parts of 1 .25% ammonium 
hydroxide was added and stinred for 30 minutes. The isopropyl ateohol was then removed and water was added to make 

45 a stable colloid. The final polymer was neutralized to a pH of 9.5. The polymer was characterized through molecular 
weight (GPC), surface tension, viscosity and % solids. 

Example 4 — Preparation of Heteroann Star Copolymer with MAPTAC 

so [0069] A mixture of 45 parts methyl methacrylate, 6.5 parts pentaerythritol tetrakis (3-mercaptopropionate), 10 
parts of 50% MAPTAC and 100 parts isopropyl ak^ohol was placed in a four-necked 1 -liter round-bottomed flask 
equipped with a nitrogen inlet, condenser and thenmometer. The reactor was heated to TO*C while stining under atmos- 
pheric nitrogen. 0.5 Parts 2,2'-azobisisobutyronitrile was added to the reaction vessel and It was heated at reflux for 45 
minutes. 45 Parts butyl acrylate was added to the reaction vessel and heating under reflux was continued for 2 hours. 

55 The reaction was cooled and 100 parts water was added and stin-ed for 30 minutes. The isopropyl ak»hol was then 
removed and water was added to make a stable colloid. The final polymer was neutralized to a pH of 7.0. The polymer 
was characteriz dthrough molecularweight (GPC), surface t nsfon, viscosity and % sdkls. 
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Fitample S - Prepafation of Hgteroarn i Star Copolymer with Slficone 

[0070] A mixture of 35 parte methyl methacrylate. 6.5 parts pentaerythritol tetrakis (3-m rcaptopropionate). 10 
parts methacrylk: acid, 10 parts TEGO® RAD 2700 (a silicon acrylate commercially avallabi fromG Idschmidt) and 

5 1 00 parts isopropyl alcohol is placed in a four-necked 1 -Irter round-twttomed flask quipped with a nitrogen inlet, con- 
denser and themiometer. The reactor is heated to 75*»C while stirring under atmospheric nitrog n. OS Parts Z^' azo- 
bisisobutyronitrile is added to the reaction vessel and it is heated under reflux for 46 minutes. 45 Parts butyl acrylate is 
added to the reaction vessel and heating under reflux is continued tor 2 hours. The reaction is cooled and 100 parts of 
1 ^5% ammonium hydroxide is added and stin^d for 30 minutes. The isopropyl ateohol is then removed and water is 

10 added to make a stable colloid. The final polymer is neutralized to a pH of 7.0. The polymer is characterized through 
molecular weight (GPC), surface tenston, viscosity and % soHds. 

Example 6 — Preparation of Random Star Copohmner 

15 [00711 A mixture of 45 parts methyl methacrylate. 1 0 parts methacrylic acid, 45 parts butyl acrylate, 6.5 parts pen- 
taerythritol tetrakis (3-mercaptopropionate) and 100 parts isopropyl ateohol was placed in a four-necked Miter round- 
bottomed flask equipped with a nitrogen inlet, condenser and thermometer. The reactor was heated to 75*C while stir- 
ring under atmospheric nitrogen. 0.5 Parts 2,2'-azobisisobutyronitrile was added to the reaction vessel and it was 
heated under reflux for 2 hours. The reaction was cooled and 1 00 parts of 1 .25% ammonium hydroxide was added and 

20 stirred for 30 minutes. The isopropyl ateohol was then removed and water was added to nfiake a stable coUdd. The final 
polymer was neutralized to a pH of 7.0. 

Exam ple 7 — Preparatton of Linear Copolvmer 

25 [0072] A mixture of 45 parts methyl methacrylate, 10 parts methacrylte add, 45 parts butyl acrylate, 26 parts 1- 
dodecanethiol and 100 parts isopropyl alcohol was placed in a four-necked 1 -liter round-bottomed flask equipped with 
a nitrogen inlet, condenser and thermometer. The reactor was heated to ^"C while stirring under atmospheric nitro- 
gen. 0.5 Parts azobisisobutyronitrile was added to the reaction vessel and it was heated under reflux for 2 hours. The 
reaction was cooled and 100 parts of 1 .25% ammonium hydroxide was added and stined for 30 minutes. After that the 

30 isopropyl alcohol was removed and water was added to make a stable colloid. The final polymer was neutralized to a 
pH of 7.0. The polymer was characterized through molecular weight (GPC), surface tension, viscosity and % solids 

Example 8 - Comparison of Star and Linear Coltokte 

35 [0073] The polymers of Examples 1 -4, 6, and 7 were characterized through molecular weight (GPC), surface tenr 
sion, viscosity and % solids. The molecular weight and distribution were detemnined by Gel Pemieation Chromatogra- 
phy (Waters 712 WISP with Rl and UV detector and lOjim PLgel column), surface tension measurements by Surface 
Tensiomat 21 from Rsher Sdentific, viscosity measurements by Brookfield DV-II+ Viscometer @25*»C, 10 rpm and % 
solids by vacuum oven (1 hour O 130^). 

40 [0074] The results are shown in Table I, below. 



Table I 



50 



Polymer 


MoLWt 


Distribution 


Surface Tension 


Viscosity 


% Solids 


Example 1 


1.1e4 


1.75 


35 


248 


33 


Example 2 


1.0e4 


3.77 


32 


252 


30 


Example 3 


1.04e4 


4.35 


37 


259 


15 


Example 4 


1.05e4 


1.68 


30 


206 


21 


Example 6 


1.37e4 


1.68 


38 


232 


31.5 


Example 7 


1.46e4 


1.62 


41 


305 


29 



55 

Example 9 - - Evaluation As a Latex Glove Coating 

[0075] The performance of the star and linear polymers of Examples 1 to 7 were evaluated by preparing latex gkave 
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fingers. A ceramtc finger mold was cleaned from contaminants, rinsed, heated to 40 1 50**C and immersed for 1 5 to 20 
seconcte into the coagulant, a 20% aqueous s lution of calcium nitrate. After dipping into th coagulant, tti coagulant- 
coated mold was partially dried. Tlie mold with coagutent was then immersed into the natural mt)ber latex at room tem- 
perature for one minute. The latex-coated mold was then leached in water at room t mperature t remove natural rub- 
5 ber proteins. The I ached latex deposit was then dried and dipped into a 1 0% solids aqueous dispersion f polymer for 
up to one minute. After dippmg with polymer dispersion, the latex deposit was vulcanized in th oven by heating at 90 
to 1 30**C for 1 5 to 30 minutes. After vulcanization, the coated rubber article was cooled and stripped from the mold The 
ceramic mold was then cleaned. 

[0076] The rubber gloves were tested for slip be the grip test in which the glove, with the coated surfaces fadng 
10 each other, were rubbed between the fingers under moderate pressure. The results are shown In Table II, below. 



Table 11 



Polymer 


Description 


Example 1 


The fomied rubber glove had a smooth coating of the copolymer. The copolymer coating formed a uni- 
fomri film and had very good dry and wet donning properties. • 


Example 2 


The fonmed rubber glove had a smooth coating of the copolymer. The copolymer coating formed a un^ 
form film and had very ^od dry and wet donning properties. 


Example 3 


The formed rubber glove had a snrtooth coating of the copolymer. The copolymer coating formed a unl- 
lom film and had good dry and wet donning properties. 


Example 4 


The fomied rubber glove had a smooth coating of the copolymer. The copolymer coating formed a uni- 
fbmn film and did not deiaminate upon stretching. 


Examples 


The fbrnied mbber glove has a smooth coafing of the copolymer. The copolymer coating forms a uni- 
form film and has good dry and wet donning properties. 


Examples 


The fbnned rubber glove had a smooth coating of the copolymer. The copolymer coating formed a uni- 
fom film and had good dry and wet donning properties. 


Example? 


The fbnmed rubber glove had a dull surface finish. The suface of the glove exposed to polymer was 
tacky and had poor slip against the skin. 



Example 10 - Altemate Glove Process 

35 

[0077] The above described process for preparing latex glove fingers was followed except the water was heated to 
about 50^. This facilitated the leaching of the natural rubber proteins, resulting in gk>ves with reduced protein content 

Claims 

40 

1. An artfcle comprising a formed latex article having thereon a coating comprising at least one star polymer. 

2. The arttele of daim 1 , wherein the star polymer comprises at least two different monomers. 

45 3. The article of daim 2, wherein the monomers comprise at least one hydrophobk: monomer and at least one 
hydrophilic monomer. 

4* The artkde of daims 2 or 3, wherein the at least two different monomers have different glass transition tempera- 
tures. 

50 

5. The artide of claim 1 , wherein the star polymer is a heteroarm star copolymer. 

6. The arttole of claim 1 , wherein the star polymer is formed with a core selected from the group consisting of pentaer- 
ylhritol tetrakis(3-menDaptDpropk)nate); pentaerythritol tetrakis(2-meroaptoacetatB); and pentaerythritol tetrakis(2- 

55 mercaptopropionate). 

7. Th artid ofclaims1-3, wh reinth hydrophobic monomer is select d from th group consisting of methyl meth- 
acrylate. m^hyl acrylate, n-butyl methacrylate, n-butyl acrylale. 2-ethylhexyl metiiacrylate. 2-ethylh xyl acrylate. 
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(auryl methacrytate, lauryl acrylate, and t-octyl aciylamide. 

8. Th article of claims 1-3, wherein the hydrophilic monomer is selected from the group consisting of methacryTc 
acid, acryfic acid, 2-acrylamido-2-methyt propane sulfon'c acid and the alkaTi, alkafm arth r ammonium salts 

5 thereof, and ^methacryloylamino)propyl]trimethyiarnmonium chlorida 

9. The article of claims 1 wheran the star polymer has at least one anm with a Tg of at least about 2(r*C, prefierat)ly 
at least about 4(f*C, and at least one with a Tg of less than at>out 20**C, and preferably less than about 0^. 

10 10. The article of claims 1 -5, wherein the monomers have crossfinkable functionafity. 

1 1 . The article of daim 1 0, wherein the monomer is selected from the group consisting of hydroxyalkyt esters of ethyl- 
enicalty unsaturated carboxylic adds, ethylenically unsaturated carboxyfic adds, ethylenically unsaturated epox- 
ides and ethylenically unsaturated tsocyanates. 

75 

12. The artide of claim 10 wherein ttie crosslinkable nwnomers are selected from the group consisting of vinyttriiso- 
propoxysilane, vinyftrimethoxysilane, vinyltriethoxysllane, vinyl-tris(2-meth(»cy-ethoxy)silane, and gamma-meth- 
aciyloxyoropyttrimethoxysilane. 

20 13. The artide of daims 1 -5, which further comprises a low surface energy modifier. 

14. The artide of claims 1 -5, wherein the artide is selected from the group consisting of gloves, prophylactics, cathe- 
ters, balloons, tubing, and sheeting. 

25 15. The artide of daim 1 4, wherein the artide is a glove, preferably powder-free, selected from the group consisting of 
surgeons* gloves, physicians' examining gloves, and workers' gloves. 

16. A method of making a glove comprising: 

30 a) dipping a former into a coagulant that comprises a moid release agent, removing the former from the coag- 

ulant and drying it to form a moid-releasing layer on the former, 

b) dipping the fbmner into rubber latex and drying it to fomn a partially-cured rubber deposit on top of mdd- 
release layer; 

c) dipping the deposit of mbber into a dispersion of at least one star polymer, and drying it to fomn a lubricating 
35 layer on the rubber deposit; 

d) vuk:anizing the deposit of rubber with the mold-releasing and lubricating layers in an oven at about lOO^C 
until the rubber is vuteanized to the desired degree and the layers are bonded to the ruk)ber; and 

e) cooling and tiien removing a finished glove from the said ceramk: former. 

40 17. The method of claim 1 6, wherein the mold release agent of the coagulant is at least star polymer. 

18. The method of daims 1 6 or 1 7. further comprising after step (b) dipping the partially cured rubber deposit into water 
for suffident time to remove at least some soluble proteins and other contaminants from the partially cured rut>ber 
deposit to form a leached partially cured rubber deposit. 

45 

19. The method of daims 16-18, further comprising dipping the leached partially cured rubber deposit into a solution 
comprising a salt to improve the adhesion of the second layer of star polymer to the partially cured rubber deposit. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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